Introduction
Echinacea purpurea L. Moench (Asteraceae) or purple coneflower is a widespread medicinal plant used in diverse range of herbal products. It was proved that Echinacea is one of the most promising immune strengtheners and modulators, with numerous scientific studies and rich clinical evidence in its favor [1] [2] [3] . The increasing demand in E. purpurea needed development of methods for rapid multiplication of plants and faster introduction of new cultivars with desired traits [4] . However, E. purpurea plants produced highly heterozygous progeny in the field [5] . In this regard, in vitro tissue cultures are proved to be valuable technique to produce genetically homogeneous plant material. There were identified 58 unique germplasm lines based on screening for antioxidant activity and concentrations of caftaric acid, chlorogenic acid, cichoric acid, cynarin, and echinacoside from clonal propagated seedling-derived plants [6] .
Several in vitro techniques were developed in E. purpurea [3, 4, [7] [8] [9] as some of the genotypes showed high coefficient of in vitro propagation [8, 10, 11] . The application of biotechnological techniques might offer the possibility of producing large amount of uniform highquality plants in a short period of time and limited space for obtaining a biomass as a source of biological active compounds [3] . Nevertheless, many questions about its in vivo and in vitro culture remain still unsolved. In Bulgaria, E. purpurea is grown on limited area and the information about its cultivation is poor. The use of Echinacea varieties with better crop characteristics and greater adaptation to the climatic condition are essential for obtaining high quality raw material. The active ingredients used in pharmaceutical industry are typically extracted from above ground plant parts. In terms of these biologically active substances, the leaves and inflorescences of the plants are very important to be analyzed [12] .
Many medicinal plants contain large amounts of antioxidants other than vitamin C, vitamin E and carotenoids [13] . There is an increasing interest in natural antioxidants, e.g. polyphenols, phenylpropanoids, flavonoids and phenolic acids, present in medicinal and dietary plants, which might help in preventing oxidative damage. The antioxidant activity of the phenolics is mainly due to their redox properties, which allow them to act as reducing agents or hydrogen-atom donors. Thus, natural antioxidants function as free-radical scavengers and chain breakers, complexers of prooxidant metal ions and quenchers of singlet-oxygen formation [14] . Antioxidant activity of E. purpurea is a result of phenolic acid, especially caffeic and p-coumaric acid content. The large number of useful compounds in medicinal and aromatic plant species is a precondition for eco-biological research aimed to cultivate natural antioxidants and seek new areas for application.
The aim of the present study was to evaluate and compare the morphological status and antioxidant activity of E. purpurea plants produced both by conventional and biotechnological approaches.
Experimental Procedures

Protocol for propagation of E. purpurea under in vitro conditions
The protocol for in vitro propagation of E. purpurea, stages, and nutrient medium and cultural conditions was presented briefly in Table 1 .
Plant material, sterilization and seed germination
Seeds of E. purpurea were purchased from Suttons Consumer Products Ltd., Woodview Road, Paignton, Devon TQ4 7NG, England, and were stratified at 4°C for two weeks. The surface sterilization was carried out with 70% (w/v) ethanol for 2 min and by dipping into 15% (w/v) commercial bleach solution for 10 min. Sterilized seeds were rinsed three times in sterile distilled water to remove bleach. The seeds were germinated on two basal Murashige and Skoog media [15] supplemented with sucrose (30 g L -1 ), 6-benzylaminopurine BAP (0.1 mg L -1 ), NAA (0.1 mg L -1 ) and GA 3 (0.2 or 0.4 mg L -1 ). After 14 days, the all seedlings were sub-cultured on MS basal medium in the presence of BAP (0.5 mg L -1 ), GA 3 (0.4 mg L -1 ) and ascorbic acid (1.0 mg L -1 ) two times during 21 days for transformation of the seedlings into stable plants.
Micropropagation of the shoots and plant rooting
For proliferation, growth and development of shoots, an experiment was conducted using the cytokinin BAP (0.5 or 1.0 mg L -1 ) alone or in combination with auxin NAA (0.1 mg L -1 ) in MS medium. These supplements were chosen among many tested plant growth regulators as they were most appropriate for shoot formation [16] . The frequency of shoot formation and the number of developed shoots was determined after four weeks of incubation. Sub culturing was performed at four week intervals.
For root induction, the shoots were cultured on five half strength MS basal media; one MSR0 rooting medium without auxin (control) and other MSR rooting media supplemented with NAA or IBA at concentrations of 0.1 or 0.5 mg L -1 . Data were recorded after three weeks of culture and percentage of rooted plants and mean number of roots/shoot were established.
The pH of the all media was adjusted to 5.8 and solidified with 0.7% (w/v) agar before autoclaving at a pressure of 1.1 kg cm -2 for 20 min. The seedlings and 
Conventional propagation of E. purpurea plants
To select the ideal conditions to maximize seed germination, the Echinacea seeds were compared to stratified ones, where the seeds were subjected to cold condition at temperature at 5°C for one month, and not stratified. The objective was to assess whether stratification would be successful key factor for Echinacea seed germination. The seeds were then planted in small pots to germinate (5 mm deep) in a mixture of soil, peat and perlite (20 seeds per pot, five pots per treatment). The pots were placed under 50 µmol m -2 s -1 light intensity provided by 40-W white cool florescent lamps in growth chamber at 25±1°C under 16-h photoperiod. The seed germination percentage was determined after 20 days of planting. After one month, the young seedlings were transferred separately into small pots with the same mixture. The plants were placed in the greenhouse for acclimatization another two weeks. After 10 weeks of potting, the seedlings were ready to be planted in the field. Experiments were carried out at the Experimental field of the Institute of Plant Physiology and Genetics, Sofia, Bulgaria. The soil type at Sofia is sandy loam (0-15 cm, top soil). Each trial was laid out in a randomized block design with two replications. The seedlings were planting by hand on 1.5x1 m plots, with 50 cm spacing between rows and 30 cm spacing between plants. Standard agronomic practices used included regular watering and hand weeding. In the next year, with regard to the plant height, the material was subdivided into three groups: G1 -plant height 50-60 cm; G2 -plant height 60-70 cm, and G3 -plants height over 70 cm. Ten randomly selected plants from each group were used for recording plant height (cm), number of tillers per plant, number of flowers per plant, number of flowers on main tiller, number of flowers per plant and flower diameter (cm). To analyze the antioxidant activities, the ray flowers samples were collected from intensively blooming plants in the field.
Antioxidant capacity
Spectrophotometric quantification of water-soluble and lipid-soluble antioxidant capacity, expressed as equivalents of ascorbate and α-tocopherol was performed through the formation of phosphomolybdenum complex [17] . The assay was based on the reduction of Mo (VI) to Mo (V) by the sample analysis and the subsequent formation of a green phosphate/Mo (V) at acidic pH. 0.5 g plant dry material was ground with pestle and mortar to a fine powder. 3 ml dH 2 O was added and the suspension was homogenized, transferred to tubes and shaken for 1 h at room temperature in dark. The suspension is filtered and extraction is repeated with 3 ml dH 2 O. The pullet was washed again with 2 ml dH 2 O. For lipid soluble antioxidant capacity (expressed as α-tocopherol), the procedure is the same except the extraction is carried out with hexane as a solvent.
The method has been optimized and characterized with respect to linearity interval, repetitively and reproducibility, and molar absorption coefficients for the quantitation of water-soluble and lipid-soluble antioxidant capacities, expressed as equivalents of ascorbate, and α-tocopherol. [17] . Absorption coefficients were: (3.4±0.1)x103 M -1 cm -1 for ascorbic acid and (4.0±0.1)x103 M -1 cm -1 for α-tocopherol. Total antioxidant capacity (free radicals scavenging activity) was measured from the bleaching of the purple-colored methanol solution of free stable radical (diphenylpycril-hydrazyl, DPPH • ) inhibition after Tepe et al. [18] . DPPH
• radical is a stable radical with a maximum absorption at 517 nm that can readily undergo reduction by an antioxidant. The inhibition of free radical DPPH
• in percent (I%) was calculated in the following way: I%=(A blank -A sampe /A blank )×100, where A blank is the absorbance of the control reaction (containing all reagents except the test compound), A sample is the absorbance of the test compound, i.e. puncture vine extracts.
For determination of the phenols and flavonoids dry leaves samples, 1 g was ground and exhaustively extracted with 96% (v/v) methanol. The content of phenolic compounds was determined spectrophotometrically using Folin-Ciocalteu reagent and calculated as caffeic acid equivalents [19] . Flavonoids in plant tissues were measured by Zhishen et al. [20] spectrophotometrically using standard curve of catechin.
Statistical analysis
Twenty plants were raised for each treatment and all the experiments were repeated twice. Data were subjected to one-way ANOVA analysis of variance for comparison of means, and significant differences were calculated according to the Fisher LSD test at the 5% level using a statistical software package (Statigraphics Plus, version 5.1 for Windows). Data were reported as means ± standard error.
Results
Micropropagation of E. purpurea
The developed protocol for micropropagation of E. purpurea that includes four stages was presented in Table 1 as follow: 1) Establishment of aseptic culture, 2) Multiplication, 3) Rhizogenesis and 4) Acclimatization. The initiation stage revealed that surface sterilization was successful in ensuring contamination-free seed germination. The results showed that seed germination on MSG1 and MSG2 basal medium resulted in average germination rate of 70% and 65%, respectively (Table 2, Figure 1a ). It was evident that appropriate combination of BAP (0.2 mg L -1 ), GA 3 (0.2 mg L -1 ) and ascorbic acid (1.0 mg L -1 ) could be used for Echinacea growth enhancement especially when the seedlings were transformed into stable plants. During this period, only elongation without shoot multiplication was observed. The low concentration of BAP in combination with GA 3 and AA positively influenced the shoot growth and development.
During the multiplication stage, MS media supplemented with BAP (0.5 or 1.0 mg L -1 ) alone or in combination with low level of NAA (0.1 mg L -1 ) promoted shoot formation. A high frequency of multiplication and greater number of multiple shoots was obtained on both MSP2 and MSP4 medium ( Table 2 ). It was found that BAP at a concentration of 1.0 mg L-1 is appropriate for shoot induction (Figure 1b) . Also, the interaction of BAP (1.0 mg L-1 ) and low level of NAA (0.1 mg L -1 ) had a significant effect on the shoot number production. The percent of shoot multiplication as well as the number of shoots per explant remained high during many passages.
The effect of various types of auxins at different concentration on E. purpurea rhyzogenesis was described by us previously [16] . In this study, the addition of auxins IBA or NAA at two concentrations in half-strength MS medium resulted in the induction of adventitious roots ( Table 2) . Root formation from the basal end of the shoots was observed ten days after transfer to the rooting medium. The presence of the auxins (IBA or NAA) in half-strength MS medium was found to be more effective than the control medium for rooting of Echinacea plants. Thus, IBA (0.1 mg L -1 ) promoted a high number of roots, while NAA at same concentration produced long roots (Figure 1c and 1d) . The rooting frequency reached a maximum after three weeks of culture.
The period of acclimatization of in vitro plants to ex vitro conditions is a crucial step for the development of new autotrophic structures able to cope with normal environments. In this sense, the potting substrate is an Table 2 . Effectiveness of E. purpurea micro propagation. important factor for acclimatization. In our case the three tested mixtures had beneficial effects on plant survival and plant growth, but peat and perlite was found to be the most suitable mixture for hardening, which ensures a higher survival rate (95%) of propagated plants (Figure 1e) . The successfully adapted plants were transferred to a greenhouse, where they continue to grow and develop. Finally, they were planted in the field. The survival rate of in vitro plants in the field after acclimatization in the greenhouse was 90%. They were morphologically identical by plant height and color of the inflorescences during the second year of development (Figure 1g ).
MSG -germination medium; MSP -propagation medium; MSR -rooting medium
Conventional propagation of E. purpurea
The results showed that dry cold stratification of the seeds highly stimulated germination. Considerable differences in the germination rate between stratified and non stratified seeds cultured on the same nutrient substrate were observed. Thus, the persentage of seed germination without stratification was 65%, while that of stratified seeds was higher and reached 90%. It was concluded that the stratification process increases seed germination. Visible seed germination was observed after 12-14 days (Figure 2a) . Seedlings after pricking in small pots developed normally ( Figure 2b ) and within 10 weeks the plants were ready to be transplanted in the field. The plants flowered in the second year (Figure 2c,d ).
Morphological characteristics of in vitro and in vivo derived E. purpurea plants were shown ( Table 3 ). The presented results revealed some morphological variation between plants in the seed population, while all in vitro propagated plants were morphologically similar. However, there were differences between leaf characteristics of in vitro-and seeds-derived plants. Thus, during the first year of cultivation, in vitro-derived plants had thicker, broad and more dark green leaves that those planted from the seeds (Figure 1f) . Each plant produced a mean 16 tillers for further vegetative propagation. The onset of flowering and the size of inflorescences was not influenced by the type of propagation. On the other hands, there were also great morphological differences among seeds-derived plants, regardless of the environmental conditions; some generally had higher plant stature, whereas others had shorter ones. Similar differences were also observed for number of tillers per plant, and number of flowers per plant. Both components, the number of flowers on the main tiller and diameter of inflorescence were almost the same for all the plants (Table 3) . Consequently, the type of plant propagation influenced only some morphological characteristics, but the factors determining these morphological variations, are almost unknown. Comparison between in vitro-and in vivo-obtained plants revealed that all the features except size of leaves and size of inflorescences are sensitive to the propagation approach. Also, the in vitroderived plants produced a higher number of tillers than seed-derived plants.
Antioxidant activity
The antioxidant activity of in vitro and in vivo E. purpurea plants was also evaluated. The results for antioxidant activities of extracts from E. purpurea derived from in vitro propagated plants and adapted to field conditions in comparison to the extracts from traditionally cultivated plants were compared (Figure 3) . Significantly higher levels wеrе observed regarding water-soluble and lipidsoluble antioxidant capacities (expressed as equivalents of ascorbate and α-tocopherol) and total pnenols content in extracts of Echinaceae flowers derived from in vitro propagated plants and adapted to field conditions. Water-soluble and lipid-soluble antioxidant capacities 
Discussion
The enrichment of Bulgarian plant diversity through the introduction of new medicinal species is very important. The current study described the possibility of in vitro and in vivo propagation of E. purpurea, a valuable medicinal and ornamental plant. Media containing MS macro and microelements were used for all stages of E. purpurea culture. The surface sterilization of starting plant material is the most important step prior to in vitro cultivation of explants. The procedure for the disinfection of seeds provides 95% aseptic explants. In our conditions, the efficiency of in vitro and in vivo germination of E. purpurea seeds was high after cool stratification. Previous reports recommend cool stratification to induce germination in Echinacea seeds [21, 22] . The effect of cool stratification on the efficiency of germination was more evident for the in vivo approach, increasing 25% in comparison to the non-treated seeds. In our in vitro conditions, germination of E. purpurea seeds was stimulated after their cool stratification and cultivation of MSG1 culture medium containing BAP, NAA and GA 3 at low concentrations. This is an efficient method for obtaining aseptic seedlings of this species to be used as a direct source of explants for in vitro propagation. The frequency of shoot propagation depends on the culture protocol applied during the in vitro process, particularly on the hormone composition of the medium and the number of subcultures. The E. purpurea shoots could be successfully induced from in vitro germinated seedlings when explants were cultured on MS media added with 1 mg L -1 BAP alone or combination of low level of NAA. The stimulatory effect of BAP on shoot formation in E. purpurea was described by the other authors [4, 23] . The cytokinin-auxin combination BAP/NAA showed the greatest potential to encourage the establishment of E. purpurea shoots. A similar synergistic effect on shoot multiplication was found when BAP in combination with an auxin was applied to E. purpurea culture [7, 8, 24] . In our experiment, auxins (IBA or NAA) at low concentration in combination with half strength MS medium increased both the frequency of rooted shoots and the number of roots per shoot compared with the same parameters of the control medium. The MSR3 rooting medium stimulated the production of numerous short roots while MSR1 medium induced a smaller number of long roots (Figures 1c and 1d) . In both cases, the roots were tightly attached to the base of the plants. E. purpurea shoots propagated in vitro proved to be easily adaptable to ex vitro plant establishment. IBA was the best root-inducing auxin for E. purpurea and seems to play a stimulatory role in the process of root formation in shoots, although Koroch et al. [7] demonstrated rooting in plant growth regulators-free medium. Different concentrations of auxins for plant rooting of E. purpurea were effectively applied [4, 23, 24] . In the present study, propagated shoots were successfully acclimatized. The plants transferred to the field survived, and no phenotypic variations were observed. All the in vitro propagated plants were morphologically similar, and had the same characteristic flowers of the species. These results were also confirmed by Mechanda et al. [4] . On the other hand, wide morphological variations between plants derived from in vivo seed propagation occurred during plant development. The seeds from commercial sources are very heterogeneous and this variability within seed lots is evident in wide differences in plant growth, flowering, flower and leaf anatomy, biomass production and medicinal marker compound content [25] . In our study, in vitro and in vivo derived plants have different morphological features, and antioxidant activity levels. Water-soluble and lipid-soluble antioxidant capacities (expressed as equivalents of ascorbate and α-tocopherol), as well as total pnenols, in the extracts of in vitro propagated Echinaceae plants markedly exceed the content of antioxidant compounds in the extracts from traditionally cultivated plants. Lee et al. [26] reported that Echinacea flower heads and leaves have higher phenolic contents compared with the results obtained in our experiments. They suggested this result is afunction of the development stage. Increased levels of antioxidant compounds in the extracts derived from in vitro propagated plants could be due to presence of growth regulators such as BAP, NAA and IBA in the growth medium. Some authors [27] reported that treatment with paclobutrazol increased ascorbic acid and α-tocopherol contents in Ocimum sanctum plants. Moncaleán et al. [28] suggested that BAP not only has an important effect on the different phases of micropropagation, but will also regulate the future development of the regenerants.
Supplementation of natural antioxidants through a balanced diet could be more effective and also more economical than the supplementation of an individual antioxidant, such as vitamin C or vitamin E, in protecting the body against oxidative damage under various conditions [29] . The presence of high vitamin C concentration in selected medicinal plants might be responsible for their therapeutic effects and uses in the traditional system of medicine. Vitamin C has been found to help in preventing cell damage by neutralizing free radicals. Increased glutathione levels in plant tissues are connected with enhanced plant tolerance to stress [30] .
Flavonoids and phenolic substances isolated from wide range of vascular plants, act in plants as antioxidants, antimicrobials, photoreceptors, visual attractors, feeding repellents and for light screening [31] . Extracts of the roots and leaves of three Echinacea species (E. purpurea, E. angustifolia and E. pallida) were found to have antioxidant properties in a free radical scavenging assay and in a lipid peroxidation assay [32] . Shukla et al. [33] reported a significant and linear relationship between antioxidant activity and phenolic content, indicating that phenolic compounds could be major contributors to antioxidant activity.
In summary, this work results in a valuable contribution to establish in vitro culture conditions for shoot induction in purple coneflower. The genotypes resulting from in vitro culture conditions can be used as initial plant material to establish breeding programs in this economically important plant species. The protocol described here might constitute an effective in vitro mass propagation of valuable E. purpurea genotypes and a preferred alternative to the conventional propagation method. Given the limited cultivation of the species in Bulgaria, E. purpurea can be multiplied quickly in vitro for obtaining a large number of elite plants within a limited time. This technology can be helpful for the commercial exploitation of new species. The morphological evaluation and antioxidant activity of in vitro and in vivo derived E. purpurea plants provide valuable information about this species and are an important prerequisite for its cultivation in suitable areas of the Bulgarian country. In addition, extracts from the flowers of in vitro propagated and fieldadapted E. purpurea plants have good capability for oxidation prevention and display antioxidant capacity for scavenging free radicals.
